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The drive apparatus consists of a sensor (4) which detects the actual position 
during the vibration of a piezoelectric actuator (1 ) and provides an output to a 
differential amplifier (5). A reference position signal is given from a control circuit 
(3) to the amplifier. The error in the position is reflected in the output of the 
amplifier. When the error signal is positive, it is given out to a charging current 
control amplifier circuit (8) through a positive signal half-wave rectifier (6). 

When the error is negative, it is given out through a negative signal half-wave 
rectifier (7) to a discharging current control amplifier circuit (9). The charging and 
discharging currents of the actuator are detected (16) to provide output to the 
amplifiers. Based on the detected value, a charge signal or a discharge signal is 
output from the charging or discharging current control amplifiers to charging or 
discharging FETs (14,15) respectively through either of the photocoupler (12,15). 
The charging FET charges the actuator with a high voltage power supply (2). 
The discharging FET discharges the current from the actuator. Thus the position 
of the piezoelectric actuator is controlled. 

ADVANTAGE - Provides isolation between drive circuits and actuator circuit 
using photocoupler. Reduces number of parts and cost. 
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(54) DRIVER FOR PIEZOELECTRIC ACTUATOR 

(57)Abstract: 

PURPOSE: To provide an inexpensive miniature driver 
for piezoelectric actuator in which the number of 
components is decreased by transmitting analog signals 
directly from optical integrated circuits for transmitting 
charge and discharge signals, respectively, to charge 
and discharge switching means insulated from each 
other. 

CONSTITUTION: An analog signal is transmitted directly 
from an optical integrated circuit 12 for transmitting 
charge signal to a charging FET 14 insulated therefrom. 
On the other hand, an analog signal is transmitted 
directly from an optical integrated circuit 13 for 
transmitting discharge signal to a discharge FET 15. 



' T 



t7 



'AS 



ife, J- . 
il l i iil I fii 

j ..~f i " rr^i! 
[i.J * — li I 



MM, 



http://wwwl9.ipdl.inpit.go.jp/PAl/result/detail/main/wAAA7na41QDA407046864Pl.htm 2/3/2008 



(19)H#B#fW (JP) (12) & Hf) i£j= |^ & $g (A) 



#51^7-46864 

(43)»HB 7 ^(1995) 2^140 



(SOlnta 1 

H 0 2 N 2/00 

G 0 5 D 3/00 

H 0 1 L 41/09 



B 8525 -5H 
G 9179 -3H 



9274 -4M 



F I 



HO 1 L 41/ 08 K 

mxmo&i fd ($iom) 



C21)iUMH ftH¥5 -213348 


(7D tun A 


000004260 












(22>fUMB WE 5 ^(1993)83 4 3 




s«j&)oj«ipBaftm i t§ i m 


1 




<72>SW» 


MM «- 








Muuo^mrom 1 TS 1 #A 














(72)§8W^f 


*« # 










a a*« 












(72) 3MB* 


ELM ftg 








«u»)»j«TWwmr i Tg i m 














(74) (SB A 







(54) [anogiH &.m.7>?73.3L~-f>m9>m 

tl?tlW&<&&? hZtlzk^Z. UffntiW?'}?* < , 
6. 

5 waste***. 



ja — - — i t4 1 „ ^ i 
rfcfitrt ~ qpfc* 



" L- 



.J Ljj I 





7 

r l_, 
; a: 

J B i 

•Si 



2/3/2008, EAST Version: 2.2.1.0 



(2) 

1 

msssijffliffltaia^ai: . 

xa -v^yy^mm^htz^w.'m^im^m 

SIS. 

[f&aj^Pffl&l&B)!] 
[00 0 1] 

^ J: t^ftttUI^A h y > s"** 9 t . WiWiWfi 
#*J J: tfi«m#£^i#fi8£l^«lHlKi5 J: tftt 
«fi#fis3t*1WM»lll»* f5itt 6 J: ^ K t fcff 
Hr^f-*x-^fflKIB6aUcWt6t,W*4. 40 
[0002] 

lte@£*#>t^i>. fffifr?f J .x-^ii < ms 

T'PSWt&^T^S. L/C. 05t^r id 50 



f#fffl 3 P ; 7-4 6 8 64 

2 

£ . EliT ?fal-^ ftfc lot IPJfflW-l) 
mm*? 1 -99 27 0#^ffl, W 2-202 
3 84*&ffl) #\ #aUHACJ:^T{!*SfvO^. 

&X'%Mffi £ fck-t h Ir&X'fo i X . d 6 «t 3 

t. fftr?fiX-^7 lcomMtEmr^f-jix 

-?7lc0@§ill>£ lE^f^ttiffl wyrVt7 0 fct 

ftltffl MOS-FET73fcJ: MOS-FE T 

745r^y • 7t7tl£ofc%'>X^&. 
[000 3] bZ\bifi. ffl7t,Z7fii-£olZ, 
T-mWSr&A ■ EtU (»«) SSUI 

coififf tii . Emr j-fai-f <7>®&m3tifrt> 

tVffigjm <tc->XLZo> * £ T\ *a j i8SA<i . E'l 
£Em77^AX-?ffii!iiJifPI£iE («BB¥5-1 1 1 2 
[0004] iHflEEH T 9 tal- ? fflVJWtlS i * 

& EST 9 f - a x- ? 1 <nvmz% ttz ffl fc EUT ^ 

fcfc^E • K«i:-t^<iEc7)^SfIIIlff«9&U : 'm^i i i!fe 
SsKBlKl OtifflfflZtit. ZIX. EAS?$ffic7)fttt ! 

yVX 9 1 9 SlXKmm-Sa* h 7 >'y'x ? 3 0 ?r U - 

rmmm 15.1 6 srSrffl^-c u -Ttm-fh-fimx 
s 'j xr»«niss 1 5 avscmmsinis y - raaniffs 

1 6{CfK^S^t7* h*7'7 2 7, 3 8£fflWC 
^ 9JnSiiT^4iBEfit«J: oTW«lx^/^*^ 

ztihfrb. wtRsxsm 0 xrmwmss 1 5 * { e«t 

^^-aX-^ lcomE&^-X'lEh LTfldWifc 

oT. 7*t>*7'72 7, 3 8W2<J:W±7*hh7y 
i?X?X'fo *) . 2^IH!imE$: 3 >- ho-;^S i^y^U 

[0005] 

[ % t J: a 1 1-5 SJM ] L*> L^r* { <b . fJEE 
HT^f-AX-^ mJWKKcJ: 5 1 . 30WS0Wia 
» 1 5 £ flkfttt(clB& L , EAST 9 '7- a x- 9 1 C«K 
S: S-fO«3iE1tffl1tff«MI h^yy^ 1 9T&S. C 
03WfflfHH»»h5y^^ l 9£»f afcW;: 
(i. y-h • V-xPnllEE (Vs») jWMgfc«r*fcft, 
JESfflS^mh^y^^ 1 9c7)V G5 ^%ife$-tJrl>1B: 



2/3/2008, EAST Version: 2.2.1.0 



(3) WHPF7-46864- 

• 3 4 

y^TtC3yho-;K#S^SJSWttfflIEH^* [0 007] 

tf) tifcfcfc. SiiSrfflv^T5Emffl«^*b5yv [fW8] ±B«««)£E«T^f-AX-^fflJBWeiCJ: 

xtafnimuz7ti-T'<y^wm > . v-rmm® mmh%byy> ! A9i l zw.mzfcmt&. 

wjuawflfcfcu *nra;«* [ooos] 

mmmmktox sfflwr^v^'v^wft-f ^ mmmi *mfrE979+*x-?imwm<?>--- 

sara^ojt. #$&«SK4. ueaaiswft-rsfeftt satffisas#iaHS:#SLTiafw-ri). HUi*wtw 

isfifcto-c, l vyy ; y^9mf co±^m&^^tm%mxhh. mi^<r>v£%T9-i-a. 
mmmmft$)% b y y^^izTi-tj^m^wst&M 20 x—wmmte. 08 ± 3 1, %m.<nwm. 1 8 

mm-i.^-?mw))mw£%&thzkZB&)tt tm.ztix^h. tlx. z-Emm^i 9i±. nmwtc 

[0006] «WSJ: , 5t'5roT^&. 

[nms-jB^-f 6fcft«#R] *»UH4. ±iets«i? [0009] *mtmM. emt?+*x.-? \ 

m-&titM)%#ff&f$tk ix. Emr^j-x-^cT) mftmnt LxcvMi±-m&2t . swims t . &it* 

B*ffiWcfctfcffi»&frffi*£ aj*t6iWWEI» t . v?4 1 . a«i||«#S'C*4ffi«|l*MBIll» 5 1 . Efl 

Em7?f-iX-^{W=#dS^ftB£1$iii LT ^im^MXhhim^'mxmm t , ftfl-f 

fflam^aj^ji-staiB-fe^fc. hbumhb**^ ^*»sit#st'*>i)*fi#*«S8itiiiK7i:. ftmmss 

(iK^ffi^fcfiria&B^^^fiB^&Jt&ia 30 *J«ffl*|»B^ST*4^KlKe»J»ffl««l0»8k. « 

IILTjE2fcJia»m#fcdJ:a^*£»«i©£8i: - 15 «mt»fflfflii^St'fcl.^«*?aiJfJPffjtiteils]gS9 

ian»)ti«i*s^iEofi^S:^smcri$iJffliffltie#st- t . fttt«^eiiftmiMWMf t<£> hifmm&my * 

*> feottans^t fjieiEm-f-^^sM^ m^m^t vyy>*9 (fet) 1 5 1 . %tm 

Jt«««r4*««awi»ffl*»ii*s, J:t>*Huie?o& at«!ai*ST*4jt»is«a«ajiii» 1 6 1 

TOSsjaj^a^twBiajii-tkWiEflm^issEJS^ m.i oawsai m 7* h.-t^ i c 1 2/a 

r^xBESrf&ttswEfcafc , wiEME«aw) tare**. 

«ESJEf|r^f-AX-^t^t*fc«)tf)*WBx^ [0010] EMT9^aX-9 1 (cWLs 5EJSdt«?I 

SfeAWftlSffl^-f fJie^«ma£$iW *8gmajfifit2 0«e«HH4«JlllS*iTV^. c^m^ 

S*ifcft03E««#git3t«MBig». fcil>'frl£Sc tb0)h*>X'i>&. ZIX. mizB.1&T91-j.x.-9 1 

rxa ■y^yy^mz&mumM.m^ y-i-y?*® sy=u eht^-7-^.x-^ i c^ttLr^* t sjaje 



2/3/2008, EAST Version: 2.2.1.0 



5 

[ 0 0 1 1 ] 7 * hsfOH C 1 2 , 1 3*4, 1 KMCtt 

Aut*S. i <r> 2 iJjfflWJEK iot ft»g«03fc©B 

(MOS) FET14&tfft18Jfl (MOS) FET1 5 

vauwitt'cft *fc«>. mos fe tcox d ty- h 

[001217* b#>l> I C 1 2 , 13(01 2& 

vhiizih. mawz iot ^mffl f e t 1 4 w y - 

IC1 20)2<MBJ«U4. 3(OSfflFET14<oy-x* 
flEfc*H- *«Efc IT?&± L . ftWHM 0 S F E T 1 4 

[00 131 A'7-MOS F ETT'J>i)?£ttfflF ET 1 
4$.VfttfflFETl 5SrK54 TYSCtt. «5VJJI 
±(oy- Mff^iSfc^S „7*h^;HC12, 1 
3<D®mii. 2&fl^8fttf>7* r-*W*-F*7U-f 
ttCtttS t . 1 &ffl<7)#H LED ( ?&t?4 Y > *» 
&ft9tSilSftfc:J:->T, 2&«c®m:£l£5£££t!: 
£. ^HfflFET14aVHt«fflFETl 5«o&g£y 

#£»7 * Y#)l> I C 1 3&tfftHffl F ET 1 5 kftS 

fB*e»7 * h ,w i c 1 2 f e t 1 4 1 m 

[0014] Mfnaft3li, StT^faX-^ 1 <ns 

m&mzmttiwowTi-nrmGmn (smmm 

) VsSrtb^-rS. fi[ffl-fe>" , f4{i. EST^^-jlX 
-^lcoff»mcff^*^{affi5r^t«L-C, 7-f- 

msmmt^mz, «wc*»tfcv>»a. % ■ ftm 

«c^T-HSiiJtS^[flIK2 lmu ®mMv+tA<n 

7^-h*A'.y^fi#VF/B t LTfflVtfUi'. 

$0fflI|lJI&3*»<?or'ta^^fi-tVsSrA7JL, R4£ 

ATJSSTO:, {iS-fe>-t4*^<07-f-FA'.y^fi-tV 
f/b£A7J"?"£>. 

[oo i si iaft«fiE»5a. wa*flffliig»3*'4><!0 



4) WP7-4 6 8 64 

6 

- KA* ?fl»Vr/i t £Jtt» LT . 770/*^- 
fi^-Vs^7-f-FA'-/^fi^v F /Bj: OA&^t, jT<t) 
Hi&BSriBflU 77u/fgW?-Vs#7<--FA-y 
^fl-fVp/BiO'l^^i:, JWHMWfciitfrr*. JE 

fi-f^ss-»6(i. euc** j^k. mat? 4 
Yco®&x'm>®«i&m 5 frt><omw£ 

ft fl^i&SSW 7 tt , .TEfi^igSlfTiillllfS 6 b mt 

io sssrfWMi^fciua-r*. 

[0016] ^ElBSSMffiifflttililalKSU. H 1 

<t 3 c. ^ryrt E^t ^ FTHtjRStiT^ 

li. ^tt««SBSI{iSllI» 1 6*^<7)«#5rA7lb. *W 

t. 3Hwmaw!ajiiiBi 6*^«iEoaj^«£E (^m 

[ooi7] ate«8SiimifflJtHBiaK9u. a 1 
J: d (c . jJ-^t yr t Efitt y^ f TiSeg^ fiT o 
h . wfficmi:?l»J«fflii^lil88 9 (0*^7 y 7'«o^s 

«A^^i±. ftfi^sasaniii 7 frhomm 

A it- Ycr>mUz£ 0 . mWHm.C^M.C0imt IX 

x-h-th. tlx, nm^mm ; &m%7<7mc)in:hm 

30 fcSrJt««MBLai*'ti). 3PtB-ffigjt7* 

vx)i> i c i 2<o i Kmnw&mz'ft o^ma 1 o 

«i, 5CTM8JWffllffl«JfilllB8*»4><OiE<olBEtJ: 0. 
3t'®(lv(E^7 a V XiVl C 1 2 c7) l $O0ISHB&ft£ 
i-S«E-«8Be8lffl^jaSET*6. ?£?E(|-f<E^7* 
h^;U I C 1 3(0 1 KH^ViSIHIHKtiil l li. ft'M 
S^JPfflt@<iIII88 9 hCD&MELizX 0 . ftmfi-^fEjl 

7* h-tf/n c 1 3(0 1 <xmm.m*:m£t&m±-m 
tismm<?)&mx'$>z>. 

[0018] ZLX. T-f P/^fl^Vs 35*7 < - K 
40 A v ? fl-sf- v F / b J: 9 A£ ^ i: £ « . Efi^iaMlEI 

s§ 6 \,zxmtmwmi%5t^co\hnm^ ( jEfi^ms 
(i) *qss5s*i. %%.m<r)mmmns , 10, 12, 
i4Srf^i6s*6. <i(ou#. ft fg^-^isssg naffff t -c- 
ti . mmwmn 5 ^^^(otu^ftTO . sss* ^ >• 

■fe^S*i*fc». ftmW^WE]S89, 11- 13. 1 

fi) *«85SfiT, ftli(Si«mS(Ollltf89, 1 1 . 1 
50 3, 1 SfcfHttStf*. -W^^ Efi#*«^SKHIS86 



2/3/2008, EAST Version: 2.2.1.0 



7 

•fe/H3*lSfc*>, ft«MMM8. 10, 12, 14 

^i^iix^immy^nm^mmmi 6i*jcom 

[00 1 93 ZZX\ Ti-ufgrttm^Vstfy < - V 

miz&^x. jEfi^«saig«86<oai*«BEt3t» 

¥$Bb» 6 Oll^ftft **8S8Kli 088 1 6 cOIEft 
■ft. y<- Y^"/ ^ft^VF/B^r-t-a^J&^fl-^Vs J: 
^^BSBK 7 *> A> coftco aj^jSE k ^ESWMSEIftaj 

»7«fi#*9ia(c««sttajia»i 6omft^J: 9*$ 

v*. SWrtEEBi'h^** (A^Eco^) . 
[ 0 0 2 0 ] * LT . 5tW8SW«ffl*(BIllB8*>fe<?) 

fi# *\ iemm&M7 * v -ton c 1 2<o 1 ^win 

ffifit 1 0 £fi LT . nxm&*7 * v »I C 1 2 CO 

1 ftfjcofBt^-r *- Hfcaeh., 2 

aWEWBFET14tt, Ef7;faX-^l<0lfl[ 
£<-Xk l/CSMSfVO***. ft'lfflFET 1 4cO 
^-Xflffia. E17?fii-^ lcolfttCfrft-TH 

ti(@HIS88c7)IE<7)fl^*^$ VMS, 5Emm^f5a7 * h 
titfr I C 1 1<ftffi&4 *- Y\Z\t±%%%Wfffln.. 

ETl 4cr>y-h«E{±^<^0, ftflSJflFETl 4fc 

C 1 2 cofBtr 4 jj"— H fcli s 'h£ 2 ftffll 

Clii?WHiU ftlfflFET 1 4<oy- h« 
E£fK< LT. ftflfflFET 1 4 Cll/hS«r«jaL*>a 
*VfirU. £<o*8»;J\ i«E«S2*^3EmfflFET14 
HLtlBt7?fAX-^lCi6<iT. KXm-a. 

[00 2 1 ] 5t«fflFETl 4£^U:EST?^X 

i Ksti^mmsii, 3EJ&mm?i^tbn]s§ 1 6t 

;HC1 2<-9ffl0a*tt«fc J 0 - 2 ftiME^W) L-T 
ft«fflFETl 4cr>y-h ■ V-X 

HUE vss - H U-f i D<oiaK»tt^t J: 0 > E 



5) ^|-T7-4 68 64 

8 

l coftftm^aSJK^tt^SHT ?3?<0*§£i:, iffl 
f EP^-77/ft€««liliIEffl k LTflEfflS ii * . 

m^+^r^^o^^tts. j^RmsKttiUisin i 

6 frt><rmmm\ . ftmmitftJfflifflWilialeiifg 8 1 
fcjEflM-tftti A $ tl& i k t= <fc -5 T . j| Jtft 

k#T'#£. 

[0022] nif)tai@iHi»85«oai^mJE* { ft^ 
io £mw£fi > «£7 2->i>"). sscmm^iepfflta 

jiztih. *lt, mmm^imy* ^ici 3co 

1 ftff (16*^ H ) COT/- F»4»««KlTV^ 

o . mna^fcmy * b#>u icn« i murk* 1 

9{C«a* ? ?IflS (K'Hf^E-3i7>j- I C 1 3 <0 

1 mmzmm^tih ) . ^ lt . ftntis#ts»7 * h 

20 till I C 1 3 CO 2 <mW±lz£ 0 JSrlffl F E T 1 5 «r a 

Jl(8WhSv>8. »*fi#g3l7* h«-K/l' I C 1 3 co 
«3te*W K Jctt . ** ^mS^ofrfi. , 2 « K 1 7C 
# ^mffi* 5 ^ L , F E T 1 5 coy- MffiSri^ 

< ix. &«fflFET 1 scu^&^ss^ayis. 

[0023] i*tt«Sg*J»ffliafili]»9<?)ftfi 

v^s ( 0 vca^g) . »iM^gai7* 

;HC1 3<0»3t^ Ffctt. /hS^VSK^Wi. 

2 <x«t t >hs lt . mmffl f e t 1 5 co 

30 y'-F«J±Sr®< L"C > IMfflFETl 5(cii, /hS* 
ma* ? atL«»„ ^comstla. E«r7-7- A x-^i*^ 

KtgJBFETl S^UTttSSil. Sl7?fai- 

^ 1 uwmm'u 0 . stmffl fetish lteut 
^t!!-^ i*»ts([*ifcttitiaBi. ^»it*a«ias 
0K1 6fc«k-3T8iajs*u »m«8SS'i«ffl«iiaia»9 

tC7 -f - Fa" 7 ^ jtmWfk HUMcW;l'-7V»« 

ztLb. m-mnfflii—7 i>m$ L&z-mcom& t m 

W.X"$) h . 

[0024] -t^teft. H3 twi-J: o C. 7-)-a?'fe 
40 Vs#7 ■< - H^' y ^ft^-VF/B J: 07c"d 

X- ^ 1 OftmmtUZ £ o Tife-f h 'A- > -a. - h ^ 

0 'hs v - -ecofi^co^'jN-cEmr ^^-^.x-^ 

lcoft'StEffiSrta^LT. ^Iffll i P]««^*$r^1" . 
^coJ; a t LT , T'^p/tii^ft^Vs k 7 - Ha* v 

^fi-^-VF/Bco^'Wcas^^T , 5Bswsm«*ia-t«> 
50 [0025] ?xtc±ie uc*mmm<?)£fo<r)iW)izo\, * 



2/3/2008, EAST Version: 2.2.1.0 



9 

- H A -/ ?<t-f- Vf/ b k fllfflHUSS 3 ^<OEST? f- a 
x-? lcofiS^g^fit-^.S.r'tn^^flVstco 

«U ^^ft^£ftfI^¥«a[IIi87TWi^ 
S«9tcTJtKtM1iLTffliI-ri.„ ME^ii/cff-^J: 

9 ftmfi^ejf ? *wnci2 i ftdms 

^€ait»Stiil OS:^LT«ffi$iIffl!-r^. ±fc. file 

«iiE$^3smm»Si$ijfflifflin@iniS89*^iofi#^ < t o 

K«f5jt7 * K*VW I C 1 3 (ccgixl. 1 &f!J«sS£:tiffi 
fMRRJKKl 13::fMTffiIE«-f&. E^T 

[0026] W±a>^7t J; 5 e, *H»;:J: & k E€ 
r;fii-? l teftmm^2rciftftfl:fflF ET 1 4 £ 

7th*HC12^)2 ftffliK'&tt & i k #t-# 4 
ft. EmT^f-iX-^l«0j;3^fittft^tc7)5r 

■7^»IC 1 2«7)2»:ffli«EIS. Kt^hLi^ta^a 

o . 7 o-r 4 yynm&v ') -rum i c k & 

[0027] *mmimzm?>mimmm5 . 
«^aiiis§6. ftft^&gainif§7, %cs£gigm 
ffltiigiH]s§8. sc«S8g*jfflifflm<BiiiS89, m/wm 

SStfttBIHISg 1 6tf5EIBfll)S(i, Hlfc*U:t>«0(cBI 



(6) «fffl¥7-46864 

1 0 

D + 7^N^-K7WTLP59 1A^ra 

[0028] -ttESWJ tUKSSns t<0 

TI4*<, Witf. idjEvXrAtcErlT^^j-X-^ 
&JEBr*S*£ (EUT^-T-j-X-^cOfitiSHtCj; 0?ftE 

tfflciE trww- - fis-fe y*4<50fU> 

10 tt?*Uo«#EIHKOJ: XttmaffililSBIK 1 6 

*^ftmmsffi (ifse) <a*e> #tB 

<7)«i? o t«?¥^jB-b y*rt ix m^b z i izx -?x~*j 

&k&l>. 
[0029] 

ii±lBUc«£WU »fflijS»* t ^Sr< . MlT"-£fl5 
Tft h k H 3 fthjfc»£ia<* l> . 
[0ffl<7)®#=Srittafl] 
20 [01] *^0^<7)5ISfiWI<7)€mWfllB!tS:^-tliIS&ll-C-A 
£>. 

[02] (8£3RWco««Wffi(SS:^-rig»0-C*>6. 
[03] ftSdt^matft^KlffsSr^-t^^A^A' 

[04 ] Emr^f-^x-^coF-ujdintEt^iiitfc^ 
m^tv-iyxfoh. 

[05] E«7 ?fai-^ coaAm^l: k k 05 
W$£*-$-^77T'&6. 

[06 ] fc*m<vn^mi&<.£^i-mmxhh. 
30 [07] fc*c?>BmT7i-2.x.-jrmwmmzt5i,f& 

[08] E'tr ?fii-? (nmfett-tftmfmmx 

[WD 

L.-SfT^faX-^, 2...«EmS- 3... 
CTJP0S§, 4... liffl-ty-t, 5...giPifiIini 
S8, 6...JEfi^4 £ ^atlIlS«. 7...ftfl^jSS 
aSK. 8...ftm«aiiWffl^1@liISS. 9...K'« 

KEseH«ffit{NeisiK - 12... immim®m$k 

40 ( 7 * h XlV I C ) . 13... SSrtl^Ejiffi 

ftmmmaifs ( 7 ^ h -ton c > . 14... imm. 

h 5 V : JX9 ( FET) , 15... ii'lffl 

a&mi* 7 <fet) . 1 6...ftmm<Ka« 



2/3/2008, EAST Version: 2.2.1.0 



(7) «IUI¥7-4 6 8 64 



[01 ] 




2/3/2008, EAST Version: 2.2.1.0 




2/3/2008, EAST Version: 2.2.1.0 



(9) 



«ffl s F7-4 6 8 64 



[03] [04] [05] 




2/3/2008, EAST Version: 2.2.1.0 



(10) 




2/3/2008, EAST Version: 2.2.1.0 



JP,07-046864,A [DETAILED DESCRIPTION] 



Page 1 of 1 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application^ order that this invention may control an electrostrictive actuator with 
high precision in the drive which drives an electrostrictive actuator, It is related with the drive 
for electrostrictive actuators it was made to transmit a charging signal and a discharge signal 
to the charge field effect transistor and discharge field effect transistor of a final stage via a 
charging signal transfer photoelectrical integrated circuit and a discharge signal transduction 
photoelectrical integrated circuit, respectively. 
[0002] 

[Description of the Prior Art]An electrostrictive actuator is used for focusing of a precision 
microscope, a precise position arrangement of a work, a precise position arrangement of the 
cutting tool of a machine tool, and the mold of a pressing machine, etc., and attracts attention 
in recent years as an actuator in which a high response and highly precise positioning is 
possible. Although this electrostrictive actuator is displaced by impressing voltage, since a 
hysteresis as shown in drawing 4 will occur if it is going to control the amount of displacement 
by this impressed electromotive force, when it performs exact positioning, it has been an 
obstacle. As shown in this measure and drawing 5, the method (JP.1-99270.A, JP,2-202384,A) 
of controlling an electrostrictive actuator by the amount of injected charges is proposed by 
these people. In order that this may displace a target position, as it is a method which pours in 
a constant electric charge at a fixed speed and shows drawing 6, The capacitor 70 for electric 
charge detection compares the charge quantity of the electrostrictive actuator 71 , and the 
desired value of the electrostrictive actuator 71, and MOS-FET73 for charge as a switching 
element and MOS-FET74 for discharge are turned on and off by the comparison result. 
[0003]However, as shown in drawing 7 , in order to pour in and (charge) pour out an electric 
charge at a fixed speed (discharge), near the desired value, overshooting and chattering occur 
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from the response delay of an electrostrictive actuator, and high-precision positioning is difficult 
at high speed. Conversely, if the grouting velocity of an electric charge is reduced for 
prevention of chattering, positioning speed will become slow. Then, these people are 
proposing the control device for electrostrictive actuators (JP.5-1 1 1266.A) which is high-speed 
and highly precise and can control an electrostrictive actuator. 

[0004]According to said control device for electrostrictive actuators, as shown in draw ing 2, the 
value according to elasticity is detected with the position sensing device 7, The deviation of the 
value according to elasticity of the electrostrictive actuator 1 and the desired value of the 
electrostrictive actuator 1 by the position sensing device 7 is called for, and the positive half 
wave rectifier circuit 9 and the negative half wave rectifier circuit 10 are controlled by the 
differential amplifying circuit 8 that it should consider as ** and discharge to which the deviation 
responded. And in order to carry out highly precise control of the amount of injected charges, it 
is the method of carrying out linear control of the charge field effect transistor 19 and the 
discharge field effect transistor 30 which the final stage insulated using the linear integratd 
circuit 15 and 16 **. In order to transmit the signal of a signal system to the charging current 
adjustment linear integratd circuit 15 and the discharge current adjustment linear integratd 
circuit 16 of a final stage, the photocouplers 27 and 38 are used for this method. A signal 
system is for having to insulate in order that the charging current adjustment linear integratd 
circuit 15 may operate considering the voltage of the electrostrictive actuator 1 as base 
voltage, since elastic energy is determined by the pressure value to which this is impressed 
since the electrostrictive actuator 1 is a capacitive load. Therefore, the secondary of the 
photocouplers 27. and 38 is a photo-transistor, and is a single-ended element which controls 
secondary voltage. 
[0005] 

[Problem(s) to be Solved by the lnvention]However, according to said control device for 
electrostrictive actuators, the field effect transistor 19 for charge drives the charging current 
equalization circuit 15 eventually, and sends current through the electrostrictive actuator 1. 
Since the voltage between gate sauce (V GS ) is needed in order to drive this field effect 

transistor 19 for charge, it cannot drive without the power supply (power source) which 
generates V nc of the field effect transistor 19 for charge. In actually using, in order to be 

stabilized via the field effect transistor 19 for charge and to control linearly the current which 
flows into the electrostrictive actuator 1 (temperature-characteristics amendment of each 
element, etc. are included), Since V QS of the field effect transistor 19 for charge must be 

controlled linearly and must be impressed using a power supply, the linear integratd circuit 21 
is used. Since it mentioned above and it is necessary to insulate the charging current 
equalization circuit 15 with a signal system, this power supply and linear integratd circuit 21 
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serve as an element insulated to the signal system. The energy which drives a power supply 
can give only signal system potential. Therefore, this power supply can give energy with signal 
system potential (primary side), and will generate secondary voltage in a secondary based on 
the potential of the electrostrictive actuator 1 . With said control device for electrostrictive 
actuators, as stated above, since the floating power source which insulated input and output, 
and a linear integratd circuit were needed, part mark increased, it became a large-sized and 
expensive drive, and the issue which should be solved were not practical occurred. By having 
been made in order to solve an aforementioned problem, and carrying out direct transmission 
of the analog signal to the electric field transistor for charge and the field effect transistor for 
discharge which were insulated, this invention has few part mark and an object of this 
invention is to provide the small and cheap drive for electrostrictive actuators. 
[0006] 

[Means for Solving the Problem]A control circuit which outputs a position instruction signal 
according to a target position of an electrostrictive actuator as a concrete means for this 
invention to solve an aforementioned problem, A position sensing device which detects an 
actual position accompanying elasticity of an electrostrictive actuator, and outputs a position 
signal, A differential amplifier means to carry out comparison amplification of a position 
instruction signal from said control circuit, and the position signal from said position sensing 
device, and to output a positive or negative signal, A negative signal half-wave rectification 
means to transmit the Masanobu item half-wave rectification means and a negative signal 
which transmit a positive signal of said differential amplifier means to an amplifying means for 
charging current control to an amplifying means for discharge current control, A charge and 
discharge current detection means to detect current which flowed into an electrostrictive 
actuator actually, and to output a signal, An amplifying means for charging current control 
which carries out comparison amplification of a detecting signal from said charge and 
discharge current detection means, and the positive signal of said Masanobu item half-wave 
rectification means, And an amplifying means for discharge current control which carries out 
comparison amplification of a detecting signal from said charge and discharge current 
detection means, and the negative signal of said negative signal half-wave rectification means, 
A switching means for discharge for discharging voltage of a switching means for charge for 
charging voltage of a high voltage power supply which generates positive voltage, and said 
high voltage power supply at an electrostrictive actuator, and an electrostrictive actuator, A 
charging signal transfer photoelectrical integrated circuit for transmitting to said switching 
means for charge from which a charging signal from said amplifying means for charging 
current control was insulated, and operating this switching means for charge, And a drive for 
electrostrictive actuators possessing a discharge signal transduction photoelectrical integrated 
circuit for transmitting to a switching means for discharge from which a discharge signal from 
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said amplifying means for discharge current control was insulated, and operating this switching 

means for discharge is provided. 

[0007] 

[Function]According to the drive for electrostrictive actuators of the above-mentioned 
composition, by a differential amplifier means, comparison amplification is carried out by the 
position instruction signal from a control circuit, and the position signal from a position sensing 
device, and The signal of the Masanobu item half-wave rectification means positive in the 
amplifying means for charging current control, Carry out comparison amplification and the 
signal from a charge and discharge current detection means The signal of a negative signal 
half-wave rectification means negative in the amplifying means for discharge current control, 
Comparison amplification of the signal from a charge and discharge current detection means is 
carried out, and a charging signal transfer photoelectrical integrated circuit transmits directly 
the signal from said amplifying means for charging current control to the field effect transistor 
for charge. A discharge signal transduction photoelectrical integrated circuit transmits directly 
the signal from said amplifying means for discharge current control to the field effect transistor 
for discharge. 
[0008] 

[Example]One example of the drive for electrostrictive actuators of this invention is described 
with reference to an accompanying drawing. Drawing 1 is a circuit diagram showing the entire 
configuration of this example. It laminates many electrode plates 18 and many one 
piezoelectric element 19 of each other at a time by turns, and the structure of the 
electrostrictive actuator in drawing 1 is constituted, as shown in drawing 8. And it is electrically 
connected in parallel, and expands each piezoelectric element 19 and contracts in a laminating 
direction according to the change in impressed electromotive force. 
[0009]This example The electrostrictive actuator 1 and the high voltage power supply 2 as a 
power supply for charge, The control circuit 3, the position sensing device 4, and the 
differential amplifying circuit 5 that is differential amplifier means, The Masanobu item half 
wave rectifier circuit 6 which is the Masanobu item half-wave rectification means, and the 
negative signal half wave rectifier circuit 7 which is negative signal half-wave rectification 
means, The. amplifying circuit 8 for charging current control which is an amplifying means for 
charging current control, and the amplifying circuit 9 for discharge current control which is the 
amplifying means for discharge current control, Charging signal transfer Foto Bolu IC(trade 
name) 12 which is charging signal transfer photoelectrical accumulation accumulation, 
Discharge signal transduction Foto Bolu IC(trade name) 13 which is discharge signal 
transduction photoelectrical accumulation accumulation, It comprises the field effect transistor 
(FET) 14 which is a switching means for charge, the field effect transistor (FET) 15 for 
discharge which is the switching means for discharge, and the charge and discharge current 
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detector circuit 16 which is charge and discharge current detection means. The resistance 10 
and the resistance 1 1 are resistance for restricting the primary side current of Foto Bolu IC12 
and Foto Bolu IC13. 

[0010]To the electrostrictive actuator 1, the current sensing resistor 20 in the charge and 
discharge current detector circuit 16 is connected in series, and the reverse terminal of the 
current sensing resistor 20 is grounded. This current sensing resistor is for detecting the 
charging current and discharge current of the electrostrictive actuator 1 accompanying charge- 
and-discharge operation of the electrostrictive actuator 1 . And it generates as an electromotive 
voltage of the current sensing resistor 20, and when having charged [ the electrostrictive 
actuator 1 ] the current which is actually flowing into the electrostrictive actuator 1, while 
positive voltage is discharging again, negative voltage generates it. 

[001 1]FOTOBORU ICs 12 and 13 are devices which generate voltage in a secondary with the 
size of the current which flows into a primary side. FET1 4 for charge (MOS) of a final stage 
and FET15 for discharge (MOS) are driven with this secondary voltage. Generally, since 
secondary current is a small output, Foto Bolu IC is effective in control of the device which can 
control current with gate voltage like MOSFET and with which gate current can operate also by 
low current. A bipolar transistor or current gain is very large, and it can be used when it can 
operate also by weak base current. 

[0012]Since it is insulated thoroughly, a primary FOTOBORU ICs 12 and 13 side and a 
secondary can be separated thoroughly electrically, and can control a signal system and a 
power system. Therefore, since the electrostrictive actuator 1 is a capacitive load in this 
example, Even if the source voltage of FET14 for charge rises and descends with impressed 
electromotive force, the secondary voltage of charging signal transfer Foto Bolu IC12, It is 
easy to generate as voltage to the source voltage of FET14 for charge, to control the gate 
voltage of MOSFET14 for charge, and to control the charging current of the electrostrictive 
actuator 1 by a signal system. 

[0013]ln order to drive FET14 for charge and FET15 for discharge which are power metal- 
oxide semiconductor field effect transistor, the gate voltage of not less than about 5v is 
needed. The structure of FOTOBORU ICs 12 and 13 connects two or more photo-diodes to 
array form at a secondary, and makes a secondary generate electromotive force by the light 
emitted from infrared LED (light emitting diode) by the side of primary. The required gate 
voltage of FET14 for charge and FET15 for discharge will use this electromotive voltage. 
Discharge signal transduction Foto Bolu IC13 and FET15 for discharge have the same function 
as charging signal transfer Foto Bolu IC12 and FET14 for charge. 
[0014]The control circuit 3 outputs analog command signal (desired value signal) V s of the 

level according to the target position of the electrostrictive actuator 1. The position sensing 
device 4 detects the actual position accompanying the expanding action of the electrostrictive 
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actuator 1, and outputs it as feedback signal V p/B . Since it outputs as negative voltage as 

positive voltage from the charge and discharge current detector circuit 16 like the conventional 
technology shown in drawing 6 temporarily to control by charge quantity if it is discharge 
current if it is charging current, If the integration circuit 21 surrounded with the dashed line in 
drawing 1 is integrated and it uses as feedback signal V p/B of the position sensing device 4, it 

will become controllable [ charge quantity ]. As the differential amplifying circuit 5 is shown in 
drawing 1 , it comprises an operational amplifier and resistance, a non-inversed input terminal 
inputs analog command signal V g from the control circuit 3, and an inversed input terminal 

inputs feedback signal V F/B from the position sensing device 4. 

[0015]The differential amplifying circuit 5 Analog command signal V g from said control circuit 
3, Comparison amplification of the feedback signal V p/B from said position sensing device 4 is 
carried out, If analog command signal V g is larger than feedback signal V p/B> a positive 
differential value will be outputted, and if analog command signal V s is smaller than feedback 
signal V._. D , a negative differential value will be outputted. The Masanobu item half wave 

F/B 

rectifier circuit s inputs the signal from the differential amplifying circuit 5 with the composition 
of resistance and a diode, as shown in drawing 1 . And a positive signal is outputted by 
rectification of a diode. Like the Masanobu item half wave rectifier circuit 6, the negative signal 
half wave rectifier circuit 7 inputs the signal from the differential amplifying circuit 5, and 
outputs a negative signal by rectification of a diode. 

[0016]The amplifying circuit 8 for charging current control comprises an operational amplifier, 
resistance, and a diode, as shown in drawing 1 . The non-inversed input terminal of the 
operational amplifier of this amplifying circuit 8 for charging current control, Inputting the 
positive signal (voltage of plus) from the Masanobu item half wave rectifier circuit 6, the 
inversed input terminal of an operational amplifier inputs the signal from the charge and 
discharge current detector circuit 16, and inputs only charging current as a positive signal by 
rectification of a diode. And comparison amplification is carried out and the positive output 
voltage of the Masanobu item half wave rectifier circuit 6 and the positive output voltage 
(charging current value) from the charge and discharge current detector circuit 16 are 
outputted. 

[0017]The amplifying circuit 9 for discharge current control comprises an operational amplifier, 
resistance, and a diode, as shown in drawing 1 . The non-inversed input terminal of the 
operational amplifier of this amplifying circuit 9 for discharge current control, Inputting the 
negative signal (voltage of minus) from the negative signal half wave rectifier circuit 7, the 
inversed input terminal of an operational amplifier inputs the signal from the charge and 
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discharge current detector circuit 16, and inputs only discharge current as a negative signal by 
rectification of a diode. And comparison amplification is carried out and the negative output 
voltage of the negative signal half wave rectifier circuit 7 and the negative output voltage 
(discharge current value) from the charge and discharge current detector circuit 16 are 
outputted. The resistance 10 which should perform current limiting by the side of [ charging 
signal transfer Foto Bolu IC12 ] primary is resistance for voltage-current conversion which 
determines the primary side current value of charging signal transfer Foto Bolu IC12 with the 
positive voltage from the amplifying circuit 8 for charging current control. The current limiting 
resistor 1 1 by the side of [ charging signal transfer Foto Bolu IC13 ] primary is resistance for 
voltage-current conversion which determines the primary side current value of discharge signal 
transduction Foto Bolu IC13 with the negative voltage from the amplifying circuit 9 for 
discharge current control. 

[0018]And when analog command signal V g is larger than feedback signal V RB , the output 

signal (Masanobu item differential value) from the differential amplifying circuit 5 is rectified in 
the Masanobu item half wave rectifier circuit 6, and the circuits 8, 10, 12, and 14 of the latter 
part by the side of charge are operated. Since rectification cancellation of the positive output 
signal from the differential amplifying circuit 5 is carried out in the negative signal half wave 
rectifier circuit 7 at this time, the circuits 9, 1 1, 13, and 15 of the discharge side latter part have 
stopped. On the other hand, if analog command signal V g is smaller than feedback signal 

V , the output signal (negative signal differential value) of the differential amplifying circuit 5 

F/B 

will be rectified in the negative signal half wave rectifier circuit 7, and the circuits 9, 11, 13, and 
15 of the latter part by the side of discharge will be operated. Since rectification cancellation of 
the negative output signal from the differential amplifying circuit 5 is carried out in the 
Masanobu item half wave rectifier circuit 6 at this time, the charge side latter-part circuits 8, 10, 
12, and 14 have stopped. On the other hand, it generates as an electromotive voltage of the 
current sensing resistor 20 in the charge and discharge current detector circuit 16, and the 
current which is actually flowing into the electrostrictive actuator 1 is generated as negative 
voltage, while discharging as positive voltage, when having charged the electrostrictive 
actuator 1 . And impedance conversion of the signal from the current sensing resistor 20 is 
carried out by the operational amplifier, and it is outputted. 

[0019]ln [ if analog command signal V g is larger than feedback signal V p/B here ] the 

amplifying circuit 8 for charging current control, Comparison amplification of the output voltage 
of the Masanobu item half wave rectifier circuit 6 and the positive output of the charge and 
discharge current detector circuit 16 is carried out, and output voltage becomes large with 
positive voltage, so that the signal of the Masanobu item half wave rectifier circuit 6 is larger 
than the Masanobu item of the charge and discharge current detector circuit 16. In [ if 
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feedback signal V_. D is larger than analog command signal V ] the amplifying circuit 9 for 

discharge current control on the other hand, Comparison amplification of the negative output 
voltage from the negative signal half wave rectifier circuit 7 and the negative output of the 
charge and discharge current detector circuit 16 is carried out, and output voltage becomes 
small, so that the signal of the negative signal half wave rectifier circuit 7 is smaller than the 
negative signal of the charge and discharge current detector circuit 16 (only in case of negative 
voltage). 

[0020]And the signal from the amplifying circuit 8 for charging current control flows into the 
light emitting diode by the side of [ charging signal transfer Foto Bolu IC12 ] primary via the 
primary side limiting resistance 10 of charging signal transfer Foto Bolu IC12, and voltage 
occurs in a secondary. Here, since the potential of the electrostrictive actuator 1 is connected 
as a base the secondary of charging signal transfer Foto Bolu IC12, and FET14 for charge, the 
base voltage of FET14 for charge will be controlled to the potential of the electrostrictive 
actuator 1 . Therefore, big current flows into the light emitting diode of charging signal transfer 
Foto Bolu IC12, and big voltage occurs also in a secondary, so that the positive signal of the 
amplifying circuit 8 for charging current control is large. Therefore, the gate voltage of FET14 
for charge becomes high, and big current flows through it into FET14 for charge. On the 
contrary, small current flows into the light emitting diode of charging signal transfer Foto Bolu 
IC12, small voltage occurs in a secondary, gate voltage of FET14 for charge is made low, and 
only small current flows into FET14 for charge, so that the positive signal of the amplifying 
circuit 8 for charging current control is small. This current flows into the electrostrictive actuator 
1 via FET14 for charge from the high voltage power supply 2, and drives the electrostrictive 
actuator 1 . 

[0021]The charging current which flowed into the electrostrictive actuator 1 via FET14 for 
charge is detected by the charge and discharge current detector circuit 16, it is fed back to the. 
amplifying circuit 8 for charging current control, and a closed loop is formed. By the 
temperature characteristics of charge transfer Foto Bolu IC12, etc., change secondary voltage 
or by the temperature characteristics of voltage V GS -drain current l Q between gate sauce of 

FET14 for charge, etc. In having temperature characteristics in the charging current of the 
electrostrictive actuator 1 etc., by the signal from the Masanobu item half wave rectifier circuit 
6, said closed loop is used as an object for charging current amendment. For example, the 
signal from the Masanobu item half wave rectifier circuit 6 in the large time when charging 
current is not enough, Since it is low, when the Masanobu item is further outputted by the 
amplifying circuit 8 for charging current control, the voltage from the charge and discharge 
current detector circuit 16 amends temperature characteristics, is stabilized and can send 
charging current in a wide temperature requirement. 

[0022]Similarly, when the output voltage of the differential amplifying circuit 5 is negative, it 
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passes along the negative signal half wave rectifier circuit 7, it is compared with the negative 
signal (discharge current) from the charge and discharge current detector circuit 16 in the 
amplifying circuit 9 for discharge current control, and the negative signal according to the 
difference is outputted. And since the anode side by the side of [ discharge signal transduction 
Foto Bolu IC13 ] primary (light emitting diode) is grounded, With the negative signal from the 
amplifying circuit 9 for discharge current control, current flows into the amplifying circuit 9 for 
discharge current control via the primary side current limiting resistor 1 1 from a primary 
discharge signal transduction Foto Bolu IC13 side (current flows into a primary discharge 
signal transduction Foto Bolu IC13 side). And FET15 for discharge is controlled with the 
secondary voltage of discharge signal transduction Foto Bolu IC13. Therefore, big current 
flows, big voltage occurs also in a secondary, gate voltage of FET15 for discharge is made 
high, and big current flows into the light emitting diode of discharge signal transduction Foto 
Bolu IC13 FET15 for discharge, so that the negative signal of the amplifying circuit 9 for 
discharge current control is small. 

[0023]On the contrary, so that the negative signal of the amplifying circuit 9 for discharge 
current control is large (so that it is close to OV) to the light emitting diode of discharge signal 
transduction Foto Bolu IC13. Small current flows, small voltage occurs also in a secondary, 
gate voltage of FET15 for discharge is made low, and small current flows into FET15 for 
discharge. This current is discharged via FET15 for discharge from the electrostrictive actuator 
1, and the electrostrictive actuator 1 performs ******. The discharge current which flowed from 
the electrostrictive actuator 1 via FET15 for discharge is detected by the charge and discharge 
current detector circuit 16, it is fed back to the amplifying circuit 9 for discharge current control, 
and a closed loop is formed like the time of charge. It is the same as that of the function at the 
time of the charge which the closed loop at the time of discharge also mentioned above. 
[0024]As a result, as shown in drawing 3 , when analog command signal V g is larger than 

feedback signal V_. D , charging current is fluctuated by the size of the deviation, Overshooting 

F/B ^ ^ 

and chattering which are produced according to the operation delay of the electrostrictive 
actuator 1 are prevented, and quick extension operation is attained. When analog command 
signal V g is smaller than feedback signal V F/B> the discharge current of the electrostrictive 

actuator 1 is fluctuated by the size of the deviation, and the same effect as the charge side is 
shown. Thus, based on the size of analog command signal V g and feedback signal V F/B> 

stable positioning is performed by changing a charge and discharge current. 
[0025]Next, the above-mentioned operation of whole this example is explained. The position 
sensing device 4 detects the position according to actual elasticity of the electrostrictive 
actuator 1, send feedback signal V p/B , and by the differential amplifying circuit 5. The deviation 
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of said feedback signal V p/B and analog command value V g which is the desired values of the 

position of the electrostrictive actuator 1 from the control circuit 3 is called for. And a charge 
command signal is rectified among the signals from said differential amplifying circuit 5 in the 
Masanobu item half wave rectifier circuit 6, and a ready sink and a discharge command signal 
are rectified in the negative signal half wave rectifier circuit 7. And the current which is actually 
flowing into the electrostrictive actuator 1 is detected in the charge and discharge current 
detector circuit 16, at the time of charge, comparison amplification is carried out and the 
detecting signal and the signal of the Masanobu item half wave rectifier circuit 6 are amended 
in the amplifying circuit 8 for charging current control. At the time of discharge, comparison 
amplification is carried out and the signal of said charge and discharge current detector circuit 
16 and the signal of the negative signal half wave rectifier circuit 7 are amended in the 
amplifying circuit 9 for discharge current control. Correction control of the primary side current 
which flows into charging signal transfer Foto Bolu IC12 with the amended this signal is carried 
out via the current limiting resistor 10. Amendment restriction of the primary side current which 
flows into discharge transfer Foto Bolu IC13 with the signal from said amended amplifying 
circuit 9 for discharge current control is carried out via the current limiting resistor 1 1 . As a 
result, overshooting and chattering which are produced according to the operation delay of the 
electrostrictive actuator 1 are prevented, it is high-speed and highly precise and the 
electrostrictive actuator 1 is controlled. 

[0026]The power supply (power source) for driving FET14 for charge which sends charging 
current through the electrostrictive actuator 1 according to this example, as stated above, 
Since it can generate in the secondary of charging signal transfer Foto Bolu IC 12, it is very 
effective when controlling the thing of a capacitive load like the electrostrictive actuator 1 . 
Since the secondary voltage of charging signal transfer Foto Bolu IC12 cannot send minute 
deer current, its impedance of a gate is high like FET, and its combination with the device 
which seldom needs the current for driving FET is also very effective. This becomes 
unnecessary [ a floating power source and linear control IC ], and the composition of the small 
and cheap drive for electrostrictive actuators is attained. 

[0027]The circuitry of the differential amplifying circuit 5 in this example, the Masanobu item 
half wave rectifier circuit 6, the negative signal half wave rectifier circuit 7, the amplifying circuit 
8 for charging current control, the amplifying circuit 9 for discharge current control, and the 
charge and discharge current detector circuit 16, It is not the thing limited to what was shown 
in drawing 1 but only an example of circuitry generally known. Therefore, what is necessary is 
just circuitry with which it is satisfied of these functions. As a concrete trade name of Foto Bolu 
IC which can suit this example, it is Toshiba Corp. make infrared LED+ photodiode array 
TLP591Aetc. 

[0028]This invention is the above-mentioned example. It is not limited, and when applying an 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd... 2/3/2008 



JP,07-046864,A [DETAILED DESCRIPTION] Page 11 of 1 1 

• r 

< f 

electrostrictive actuator to a hydraulic system, an oil pressure sensor may be used instead of 
the position sensing device 4, for example (when fluctuating oil pressure by elasticity of an 
electrostrictive actuator). When controlling an electrostrictive actuator according to the amount 
of injected charges, an electric charge detection sensor may be used instead of the position 
sensing device 4. For example, like the integration circuit shown with the dashed line of 
drawing 1 , a charging current value (positive voltage) and a discharge current value (negative 
voltage) are outputted from the charge and discharge current detector circuit 16, an integration 
circuit is integrated with those values, and it becomes possible by using as an electric charge 
detection sensor instead of the position integration 4. 
[0029] 

[Effect of the lnvention]The drive for electrostrictive actuators of this invention has the above- 
mentioned composition, and there are few part mark and it has the outstanding effect of being 
small and cheap. 



[Translation done.] 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http 0 /o3A%2F%2Fwww4.ipd... 2/3/2008 



